LTHOUGH ligation of the common carotid artery has been used for many years as a treatment for intracranial aneurysms, our understanding of the pathophysiology created by this procedure has been slow in evolving. Earlier writers thought that following common carotid ligation there was a retrograde flow through the external carotid and into the internal carotid in every patient. 4,7a3 The first investigators to question this explanation were Marquis and Lefcuvre in 19~0.11 Later studies by Sweet and Bennett, 14 Denecke, 3 and Morfit and Gensini 1~ further confirmed that the flow in the internal carotid artery was reversed in many patients after ligation of the common carotid artery. In 1961 Hardesty, et al., ~ reported electromagnetic flow meter studies showing a reversal of flow in the internal carotid artery, with blood flowing away from the head in 7 out of 15 cases after ligation of the common carotid artery. In 1968 Tindall, et al., reported studies on 19 patients; IG 10 of them had a reversal of flow in the internal carotid artery after common carotid ligation.
Thus, in numerous studies, it has been documented that at least 50% of the patients have a reversal of flow in the internal carotid artery with actual drainage of blood away from the brain after the common carotid artery has been ligated. The present study is concerned with the duration of this reversal flow in the internal carotid artery.
Procedure
Eight patients at the Medical College Hospital with intracranial aneurysms of the internal carotid artery were studied. Each patient had the common, internal, and external carotid arteries exposed; the common carotid artery was ligated as a primary treatment for the intracranial aneurysm. A Medicon electromagnetic flow probe was placed on the internal carotid artery immediately above the bifurcation. Spinal needles were introduced into the internal and the common carotid arteries and connected to a Statham transducer. The flow and pressure data were recorded with a Honeywell Visicorder. The flow in the internal carotid artery and the pressures in the internal and the common carotid arteries were monitored during progressive occlusion of the common carotid artery with a Crutchfield clamp.
Close surveillance of the patient's neurological condition was maintained throughout the procedure. After satisfactory tolerance of occlusion for 80 minutes, the occlusion was made permanent by ligation with silk sutures. The clamp was removed. At the end of the ligation procedure, the pressures in the internal and the common carotid arteries were again determined, and the needles were removed from tile arteries. The electromagnetic flow probe remained in place on the internal carotid artery. An umbilical tape was placed around tile external carotid artery and pulled through a small plastic tube, which extended to the surface of the neck. The tape and tube mechanism was utilized to occlude the external carotid artery and thus to establish zero flow through the vessel to balance the flow meter. The flow probe wire and the tape and plastic tube mechanism were left in place and brought to the surface through the wound in a manner similar to the handle of a Crutchfield clamp.
Throughout the study, an oscilloscope remained connected in series between the flow meter and the recording apparatus. By studying the oscillographic pattern, we could note the quality of the recording, interference ~50 forward 38 9 * CCA=common carotid from local electrical activity, and poor contact between the vessel wall and the probe. At 6-hour intervals, and on any occasion in which the oscillographic pattern brought the quality of the recording into question, the zero base line of the flow probe was reestablished by occlusion of the vessel, and the recording was continued. The flow probe was left in place, and continuous recordings were made until the cephalad flow became relatively stable. At this time the operative wound was reopened, and the carotid vessels were exposed. Again, the internal and common carotid pressures were determined. The needles utilized in the pressure recording and the blood flow probe were removed, and the wound was closed. The ligation of the common carotid artery was left undisturbed. No wound infections or other untoward sequelae developed as a result of the study. None of the patients has had a repeat subarachnoid hemorrhage since the carotid ligation.
Results
The results are summarized in Table 1 . The internal carotid artery flow prior to occlusion of the common carotid artery ranged from 98 to ~11 ml per minute. These rates are lower than those reported by others. 6's Since the technique used in the present study is well standardized and has a system for repeated checking of the calibration of the probes, we believe that the figures reported in this study are relatively accurate. Immediately following ligation of the common carotid artery, the internal carotid arartery; ICA = internal carotid artery.
tery flow was forward, or in a normal direction, in one patient, and there was no flow in another patient. In the other six patients, there was reversal of flow in amounts ranging from 8 to 30% of the previous forward flow. This reverse flow represents a considerable "steal" or drainage from the cerebral arterial system. Despite this loss of blood from the cerebral circulation, the patients suffered no ill effects insofar as could be determined by the usual methods of neurological examination. Figure 1 demonstrates the acute change in blood flow and pressure following common carotid ligation.
When there was a reversal of flow in the internal carotid artery, it was of short duration. Three of the six with reversal of flow in the internal carotid had their first return to forward flow within 30 minutes after the common carotid occlusion had been accomplished. Two others returned to a forward flow in the internal carotid artery within 3 hours, and the remaining one corrected within 14 hours. In these six patients with reverse of flow in the internal carotid, the average time from occlusion of the common carotid to the first correction of flow to the normal direction was ~ hours and 36 minutes. The flow patterns were quite labile. In each case, the return to a normal direction of flow was followed by brief periods of reversal of flow from time to time. Although there were wide fluctuations in the forward or reverse flow in the internal carotid artery, the general pattern was to a return to the forward flow. In eaeh patient the studies were con-
